Fully remote surface flow measurements are crucial for flow monitoring during floods and in difficultto-access areas. Recently, optics-based surface flow monitoring has been enabled through a permanent gauge-cam station on the Tiber River, Rome, Italy. Therein, a system of lasers and an internet protocol camera equipped with two optical modules afford video acquisitions of the river surface every 10 minutes. In this work, we establish a standard video-processing protocol by analyzing more than 10 Gb of footage data captured during low discharge regime from May 2nd to 11th, 2015, through particle tracking velocimetry (PTV). We show that good image-based velocity data can be obtained throughout the day -from 6 am to 8 pm -despite the challenging experimental settings (direct sunlight illumination, mirror-like river surface, and overlying bridge shadow). Further, we demonstrate that images captured with a 27 W angle of view optical sensor lead to average velocity measurements in agreement with available radar data. Consistent with similar optical methods, PTV
enable measurements in diverse ecosystems, spanning from small-scale rills to channel environments.
Recently, image-based approaches have been coupled with high-visibility surface tracers (Leibundgut et al. ) to monitor surface flow velocity in hillslope rills (Tauro et al. b) , mountainous streams (Tauro et al. a) , and medium-to large-scale rivers (Hauet et al. b, ) .
Generally, raw images are orthorectified, georeferenced, and analyzed through large-scale particle image velocimetry (LSPIV) to generate surface flow velocity maps (Fujita et Despite their advantages, image-based approaches often require the acquisition of ground control points through Global Positioning System (GPS) or total stations, thus limiting their implementation to areas that are accessible to operators (Tauro ) . Further, they are affected by illumination conditions, which may negatively impact image quality (Hauet et al. a) . In addition to such limitations, LSPIV also tends to be highly sensitive to the presence and spatial distribution of floating tracers (Kim ) . For instance, in Tauro et al. (, a) , images of the Tiber River analyzed through LSPIV are shown to lead to consistently underestimated surface flow velocities due to the meager occurrence of tracers. To partially mitigate such issues, a portable experimental apparatus hosting a system of green lasers for remote image calibration has been proposed in Tauro et al. () . In this set-up, image orthorectification is circumvented by placing the camera axis perpendicular with respect to the water surface. Similar implementations have also been integrated onboard aerial platforms for acquisitions in difficultto-access environments (Tauro et al. , b) .
The promise of the experimental set-up in Tauro et al. PTV is executed on subregions of the original images (upper and lower borders display date, time, illumination intensity, and recording parameters and are, therefore, excluded from the analysis). Parameters adopted for leftand right-side images are identified upon a preliminary sensitivity analysis and reported in Table 1 .
The image dataset
Analyzed images account for approximately 14 Gb of data (data size increases upon frame extraction from videos).
On average, each left-and right-side sequence comprises 514 frames. The minimum and maximum numbers of frames for each video are equal to 336 and 604, respectively. On the other hand, in the upper half of the images, noise due to direct sunlight reflections negatively affects particle detection and tracking.
To characterize the amount of tracers in the selected videos, we a posteriori estimate particle seeding density through a Gaussian detection procedure. Specifically, the number of round particles of a selected diameter is automatically identified in experimental images. To reduce computational time, the procedure is applied to a subset (one image in 50) of each experimental image sequence. Particle detection is performed through cross-correlation with a
Gaussian kernel (set to 10 pixels and to 7 pixels in the leftand right-side images, respectively). On average, left-and right-side images present particle densities equal to 3.09 × 10 À4 and 1.30 × 10 À4 , respectively, whereby particle density is evaluated as the ratio of the total number of particles to total image pixels. With respect to left-side sequences, minimum and maximum densities of 2.02 × 10 À5 and 1.09 × 10
À3
are observed. In case of right-side images, particle densities range from 2.92 × 10 À4 to 2.75 × 10 À3 . Given the larger field of view, particle density is generally higher in right-side images.
Compared to standard image-based laboratory applications, particle density is low and, therefore, high-speed cross-correlation algorithms, such as LSPIV, may be difficult to implement. Interestingly, the density of the tracers in the field of view is relatively unaffected by illumination conditions, as it remains constant in videos captured at different times of the day. This suggests that image quality is acceptable despite highly varying external light settings.
In the case of right-side images, however, slightly higher standard deviations are observed (4.39 × 10 À4 against 2.14 × 10 À4 in the case of left-side sequences). Corr.
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[ Since illumination intensity is highly dependent on cloud cover and seasonality, and it can be critical for image quality, the robustness of the presented approach to such parameter is promising, and supports future implementations of gauge-cam systems in riverine environments.
Based on our findings, left-side sequences lead to surface flow velocity estimates in better agreement with radar data than right-side sequences. This is due to the fact that rightside images depict a larger field of view and, therefore, tend to be more severely affected by illumination conditions.
In particular, light reflections on the water surface act as noise, thus often resulting in unrealistically high velocity estimates in the opposite direction of flow. In similar future implementations, this behavior may be accounted for by integrating light filters and optics (for instance, polarizers) in the camera system. Similar to our approach, evaluating the difference in intensity between subareas of the field of view may be beneficial to disclose eventual criticalities related to illumination conditions. In the eventual presence of secondary currents, velocity vectors in the opposite direction of flow may also be observed. However, areas depicting stationary currents may be consistently identified in images, and then excluded from the computation.
Our results generally support the use of PTV for surface flow measurements in hydrological systems. As already pointed out in Tauro et al. (, a) , alternative algorithms, such as LSPIV, largely rely on homogeneous and abundant tracing density. In the case of the low seeding density of our videos, LSPIV has led to inaccurate velocity estimates that are often underestimated as compared to radar data (Tauro et al. c) . In the experimental videos herein presented, we expect that LSPIV would have led to similarly underestimated results. On the other hand, besides its robustness to seeding density, PTV is more user-assisted than LSPIV, and this yields longer processing times.
CONCLUSIONS
In this work, we process videos captured for 10 consecutive days in May 2015 from the fully-remote optics-based gaugecam station located in the Tiber River, Rome Italy, and 
